Virulent Nocardia asteroides reduces lysosomal acid phosphatase activity in murine macrophages. A computer-assisted imaging photometry system was used to quantitate lysozyme and nonspecific esterase-neutral protease levels within individual macrophages following ingestion of nocardiae. In contrast to acid phosphatase, lysozyme and esterase-neutral protease activity was either unchanged or increased following infection by increasing numbers of nocardial cells.
Infections caused by Nocardia asteroides result from the ability of the microorganisms to evade the bactericidal mechanisms of the host (1, 3, 8) . It was shown that lysosomal acid phosphatase activity decreases in macrophages infected with increasing numbers of virulent N. asteroides organisms (4, 5) . Furthermore, this nocardiainduced reduction in enzyme activity is an effective marker of the ability of these phagocytes to kill nocardiae (5) . The present study extends these observations to include other (4, 5) . Macrophages infected for 3 h with either strain GUH-2 or strain 10905 at a multiplicity of infection of 5 nocardiae per phagocyte were stained histochemically for either acid phosphatase enzyme activity as described previously (4, 5) or nonspecific esterase-neutral protease by using naphthol AS-D chloroacetate (Sigma Chemical Co.) and fast blue B (7, 12 N. asteroides GUH-2 and 10905 were grown in brain heart infusion broth, and single-cell suspensions were prepared as described previously (1, 2, 4) . The slides were air dried and mounted under cover slips with a water-based mounting medium, and enzyme levels and cell areas in 100 randomly chosen macrophages per treatment group were measured quantitatively by use of a computerassisted imaging photometry system (7). The cover slips were removed following measurement of enzyme levels, and the macrophages were restained by the Brown and Brenn modification of the Gram stain. Previously analyzed cells were relocated by the computer, and the numbers of intracellular nocardiae were recorded as described previously (4, 5) . For each relocated macrophage, the recorded number of intracellular nocardiae was compared with the optical density value fo the enzyme stain for that cell. This comparison permitted a direct determination of the relationship between the extent of infection of the macrophage and the amount of enzyme present. The results presented below are based on the evaluation of 2,600 macrophages. The data were tabulated, and statistical analyses were performed as described previously (4, 5) . Figures 1 and 2 compare acid phosphatase activities with the amount of intracellular lysozyme and nonspecific esterase-neutral protease activities in Kupffer cells and peritoneal macrophages following infection with increasing numbers of virulent N. asteroides GUH-2 ( Fig. 1) and less virulent N. asteroides 10905 (Fig. 2) organisms. As previously reported (4, 5), strain GUH-2 progressively reduces levels of acid phosphatase in both Kupffer cells and peritoneal macrophages following infection with increasing numbers of bacteria. This decrease in enzyme activity was not observed for macrophages infected with the less virulent strain 10905. Different results were observed for other lysosomal enzymes in both Kupffer cells and peritoneal macrophages. The lysozyme level was relatively unchanged (perhaps slightly increased) in all macrophages following infection with increasing numbers of organisms of both N. asteroides strains. In contrast, neutral protease-nonspecific esterase activities were dramatically increased in Kupffer cells in response to infection by strains GUH-2 and 10905. The peritoneal macrophages infected with strain GUH-2 exhibited only a slight increase in protease-esterase activity, but those infected with N. asteroides 10905 showed a large increase.
The data presented above show that virulent N. asteroides GUH-2 causes a specific reduction in acid phosphatase activity and not a generalized decrease in lysosomal enzymes. Indeed, neutral protease-nonspecific esterase activity is increased at the same time as that of acid phosphatase is decreased. Because none of the lysosomal enzyme activities tested, other than that of acid phosphatase, were reduced by strain GUH-2 and because the reduction in acid phosphatase activity occurred in a linear manner as a function of time following infection (data not shown), alteration of this enzyme by the virulent GUH-2 is not due to degranulation. Furthermore, the decrease in acid phosphatase activity was not consistent with enzyme leakage due to cell death or damage to the cell membrane, since other enzymes either remained unchanged or significantly increased in activity. The specific mechanisms wherehy Nocardia sp. modulates these enzyme activities within mdcrophages are not clear and warrant further investigation. Strains of N. asteroides that grow within macrophages appear to be more virulent for mice than strains that are inhibited or killed by these phagocytes (5). Furthermore, virulent nocardiae alter macrophage activity more effectively than less virulent organisms by inhibiting phagosomelysosome fusion (6), neutralizing phagosomal acidification (C. M. Black, M. Paliescheskey, B. L. Beaman, R. M. Donovan, and E. Goldstein, J. Infect. Dis., in press), and altering lysosomal enzyme activity (4, 5) . The specific mechanisms involved in these modifications of macrophage function are not known; however, N. asteroides must produce substances or factors that can block phagosome-lysosome fusion, neutralize or prevent acidification of the phagosome, and redistribute or modulate enzymes within the lysosome. It is not clear whether these events are interrelated and induced by a single factor or several substances. Preliminary observations suggest that more than one factor is involved (unpublished data) and that not all nocardia-induced modifications of lysosomal enzyme activity can be related directly to nocardial virulence. 
